Background and Purpose: The National Institutes of Health Stroke Scale (NIHSS) score is known to be effective in predicting the likelihood of recovery after stroke. However, the baseline NIHSS score predicts long-term outcomes rather crudely because early changes in stroke scores may influence the stroke outcomes. Therefore, a precise prognostic algorithm or a cutoff point for predicting long-term outcomes based on data from serial NIHSS scores is needed.
INTRODUCTION
Forecasts of recovery from stroke have focused on the scores of neurological scales at admission or on the selection of patients to be treated with recombinant tissue plasminogen activator. [1] [2] [3] [4] [5] [6] Unfortunately, no models for subacute-stroke trials have been described. Accurate prognostic models for patients with subacute stroke would have several important uses, such as guiding patient management 7, 8 (e.g., patients with a good prognosis could be spared potentially risky treatments such as stem cell therapy 9, 10 ), allowing more reliable information to be given to patients and their relatives, 8 and improving the planning of patient rehabilitation and discharge. 11 The recovery profile of stroke can vary nonlinearly with the severity, with the course of improvement being greater at the lower end of the deficit scale. When this is the case, many patients enrolled with low predictive scores will improve regardless of treatment, reducing the likelihood of a real protective effect of treatment being detected. Conversely, some patients worsen relative to the initial severity of their stroke, resulting in further neuronal injury and less favorable outcomes. 2 Falsepositive and false-negative predictions of long-term outcome can be detrimental to patients, with the possibility of the needless provision of hazardous treatment or the incorrect denial of effective treatment, respectively. Therefore, understanding the clinical course after stroke and the time point for enrollment in subacute-stroke trials may help with the design of a prestudy randomization schedule and power analysis. The National Institutes of Health Stroke Scale (NIHSS) is an attractive candidate predictor because it is widely used, is easily learned, and can be performed rapidly on admission. Moreover, the NIHSS score is known to predict the likelihood of patient recovery after stroke. However, the baseline NIHSS score predicts longterm outcomes rather crudely, and the fate of patients with intermediate scores is unclear. 12 Therefore, a precise prognostic algorithm or a cutoff point to predict poor long-term outcomes based on data from serial NIHSS scores is needed.
In this study, we evaluated the cutoff point -in terms of time point and severity as measured by serial NIHSS scores -for predicting long-term outcomes. In addition, we investigated a prognostic model for long-term outcomes.
MATERIALS AND METHODS

Patient selection
From October 2000 to October 2004, we prospectively studied consecutive patients with acute symptomatic middle cerebral artery (MCA) territory infarcts who were admitted to the Department of Neurology at Ajou University Hospital, Korea. All patients had suffered from focal symptoms and had been observed within 72 hours of symptom onset, showed relevant lesions within the MCA distribution territory on magnetic resonance diffusion-weighted imaging (DWI), had undergone complete workups, including vascular and cardiologic workups, and were followed for more than 6 months ( Fig. 1) . All of the patients provided their informed consent to participate in the study. We excluded patients who presented with lacunar stroke or stroke recurrence within 6 months; those who were treated for thrombolysis, hypothermia, or craniectomy; and those who were discharged against medical advice, absconded from the hospital, or died during the acute phase of stroke, since such cases are not typical of the disposition after stroke care.
Of 748 stroke patients who were admitted during the study period, the above criteria lead to 437 patients being were included in this study ( Fig. 1 ): 263 men (60%) and 174 women (40%), aged 62.1±12.8 (mean± SD) years (range, 32-91 years).
Workup
Patients were evaluated according to a protocol that included demographic data, medical history, vascular risk factors, and stroke scale scores [NIHSS score, Barthel index (BI), and the modified Rankin Scale (mRS) score], as in our previous study. 13 Both T2-weighted imaging and DWI were performed using a clinical 1.5-T magnetic resonance imaging system, and all patients underwent diagnostic testing, which included digital-subtraction or magnetic resonance angiography, electrocardiography, and routine blood tests. Echocardiography was performed in 381 patients (87%). The degree of stenosis was measured as in our previous study, 13 with occlusion defined as >50% stenosis or occlusion of the large intracranial vessels and internal carotid artery. We also measured the volumes of the DWI lesion(s) in 429 patients (98.2%). The DWI lesion volumes were calculated by multiplying the measured area per slice by the section thickness (conditions: repetition time, 10,000 ms; echo time, 104 ms; slice thickness, 7 mm; no gap). The NIHSS score was serially checked at baseline and at 1, 3, 7, and 14 days after admission. The hospital course was determined on day 7 after admission, and marked deterioration was defined as an increase in the NIHSS score of at least 4 during the first 7 days of hospitalization, as used previously.
14 Two endpoints were evaluated at 6 months after ischemic stroke: poor outcome and excellent outcome. The BI and mRS score are the outcome measures that have been used most frequently in studies focusing on stroke-related disability and recovery of motor function after stroke. Both the mRS score and BI have been shown to be reliable and valid for use in stroke. 15 To define the outcome for stroke patients, we used a global endpoint that combined the mRS score and BI for the following reasons. First, this combination has been reported to be more powerful than the BI endpoints, and it reduces the required sample size. 16 Second, the mRS score may be less reproducible owing to its relative lack of structure, 17 whereas the BI has a U-shaped distribution in which patient outcomes cluster at the extremes.
The BI and mRS score were serially checked for more than 6 months (up to 1 year). We defined a poor outcome as any of the following endpoints: death, mRS score of >3, or BI of <60. 18 An excellent outcome was defined as reaching both of the following endpoints: mRS score of 0 or 1, and BI of ≥95.
Statistical analysis
Receiver operating characteristic (ROC) curves were used to assess the usefulness of the individual NIHSS scores in predicting a poor or good outcome. We assessed discrimination by calculating the area under the ROC curve of sensitivity versus 1 minus the specificity. An area of 1 implies a test with perfect sensitivity and specificity, while an area of 0.5 implies that the model's predictions are no better than chance. The best model for each outcome in each test cohort was defined as the model with the largest ROC curve area or, if there were no statistically significant differences in the areas, the model with the most practical curve. The sensitivity, specificity, and positive and negative predictive values of the clinical predictions -along with their associated 95% confidence intervals (CIs) -were calculated and plotted on the ROC curve to validate the individual scores in predicting poor and good outcomes at 6 months.
Stepwise logistic regression was used to assess which subset of variables best predicted a good or poor outcome as defined above. In addition to the NIHSS scores, several baseline variables were collected at enrollment: patient age and sex; presence of conventional vascular risk factors (hypertension, diabetes, hyperlipidemia, and atrial fibrillation); history of stroke or coronary heart disease; serum levels of inflammatory markers (C-reactive protein and fibrinogen); presence of metabolic syndrome; stroke subtypes (artherosclerotic, cardioembolic, cryptogenic, other determined etiology); vascular status (stenosis of ≥50% or occlusion); DWI lesion volume; and presence of aggravating factors during the first 3 days of admission, such as admission hyperglycemia (blood sugar >300 mg/dl), hyperthermia (body temperature >38.5℃), hypoxia, or hypotension (systolic blood pressure <100 mmHg or sudden drop of >30 mmHg). Most of the parameters were dichotomized (normal versus abnormal) in order to minimize the number of variables, improve the reliability of data collection, and simplify the clinical procedures. Those variables that were significant at the P<0.2 level were entered into the initial multivariate model. When the most parsimonious model was obtained by backward stepwise elimination of the nonsignificant factors, each of the excluded variables was again entered separately into the model to test its contribution to the final model. The results are given as odds ratio (OR) estimates of relative risk, with the 95% CI. The Hosmer-Lemeshow goodness-of-fit chi-square test was used to assess the calibration of each model. This test compares the expected and observed distribution of cases and controls across deciles of predicted risk. Therefore, for this test, a higher probability value corresponds to a model with a better fit.
Statistical analysis was performed using the computer software SPSS (version 12.9 for Windows, SPSS, Chicago, Illinois, USA) and Medcalc (version 6.0 for Windows,). Statistical significance was established at the P<0.05 level.
RESULTS
Predictor and outcome characteristics
The patient characteristics of the predictor variables are listed in Table 1 . With regard to the stroke mechanism, 253 patients (58%) were classified with atherosclerotic stroke, 97 (22%) with cardioembolic stroke, 67 (15%) with cryptogenic stroke, and 20 (5%) with other determined etiology. Systemic causes of aggravation were present in 59 patients (13.5%).
The baseline NIHSS scores are shown in Fig. 2 . About 60% and 10% of the patients had scores of ≤5 and >13, respectively. There was a significant correlation between the DWI lesion volume and the baseline NIHSS score (r=0.588, P<0.001) (Fig. 2-B) . The NIHSS score tended to decrease during the first 7 days of admission, although this was not statistically significant: 5.56±5.27 at baseline, 5.17±5.17 at day 1, 4.77±5.41 at day 3, and 4.38±5.64 at day 7. Moreover, marked changes (≥4) in the NIHSS score were observed during this period, reflecting improvement in 59 patients (13.5%) and worsening in 24 patients (5.5%).
The patient outcomes are listed in Table 2 . More than 50% of the patients showed excellent outcome, whereas about 25% showed poor outcome and 24 patients (5.5%) died. The area under the ROC curve for each NIHSS score is listed in Table 3 , and the ROC curves for a poor outcome are shown in Fig. 3 . The area under the ROC curve varied between 0.89 and 0.94 (with 0.5 indicating no discrimination and 1 indicating perfect discrimination). The discrimination was better for the NIHSS score determined 7 days after admission than for earlier NIHSS scores; the areas under the ROC curve for poor outcome were 0.887, 0.927, 0.938, and 0.908 for the baseline, 3rd-, 7th-, and 14th-day NIHSS scores, respectively. Statistical comparisons suggested that the NIHSS score taken 7 days after admission had a better predictive performance than did the baseline NIHSS score (P=0.003, difference=0.054), whereas the area under the ROC curve did not differ significantly between the 7th-and 14th-day NIHSS scores (P=0.610, difference=0.006) (Fig. 3) . For an excellent prognosis, there was no significant difference between the baseline and 7th-day NIHSS scores (P=0.104, difference=0.025) or between the 7th-and 14th-day NIHSS scores (P= 0.464, difference=0.007). The NIHSS score strongly predicted the likelihood of patient recovery after stroke. An NIHSS score of ≥6 at 7 days after admission predicted a poor outcome with a sensitivity of 84% (95% CI, 76-90%), a specificity of 92% (95% CI, 88-94%), and positive and negative predictive values of 77% and 95%, respectively. The best predictor for an excellent prognosis at 7 days was an NIHSS score of ≤3, which gave a sensitivity of 91% (95% CI, 87-94%), a specificity of 75% (95% CI, 68-81%), and positive and negative predictive values of 81% and 87%, respectively. Table 4 lists the OR and CI values for the factors in the multiple logistic regression model. The significant factors in the model were similar between the two prognostic endpoints. Age, DWI lesion volume, and the NIHSS score at 7 days after admission were independently associated with both prognostic endpoints, with the last being the strongest predictor. Stroke history was an independent predictor for poor outcome -but not for excellent outcome -at 6 months after symptom onset. Patients with an NIHSS score of ≥6 at 7 days after admission were about 52 times more likely to remain in a severely disabled state at 6 months after stroke than were patients with an NIHSS score of <6, after adjusting To develop prognostic models for long-term outcome, point values were assigned to each factor by multiplying the β coefficients from the logistic regression model by 33 for a poor prognosis and 50 for an excellent prognosis, and rounding off to the nearest integer. The resulting point values assigned to each factor used in calculating the poor-prognosis risk index were (a) 1 point for each milliliter infarct volume, (b) 4.7 points for each year of age, (c) 80 points for the presence of previous stroke, and (d) 130 points for the presence of severe deficits at 7 days after admission, defined as an NIHSS score of ≥6. Similarly, the points for an excellent-prognosis risk index were (a) -1 point for each milliliter of infarct volume, (b) -2.8 points for each year of age, and (c) 143 points for the presence of mild deficits at 7 days after admission, defined as an NIHSS score of ≤3.
Prognostic models for long-term outcomes
The ROC curves for the NIHSS criteria and the models for poor and excellent prognoses are shown in Fig. 4 . We measured the areas under the ROC curves for poor and excellent prognoses using the NIHSS criteria and using a model that included age, DWI lesion volume, and stroke history. For a poor prognosis at 6 months after stroke, the area under the ROC curve was 0.878 (95% CI, 0.842-0.907) using only the NIHSS criteria (score of ≥6 at 7 days after admission), and increased to 0.919 (95% CI, 0.888-0.943) using the prognostic model that included age, DWI lesion volume, and stroke history. However, statistical comparisons indicated that the area under the ROC curve did not differ significantly between the NIHSS criteria and the prognostic model (P=0.079, difference=0.041). Discriminating an excellent prognosis was better for the prognostic model than for the NIHSS criteria (score of ≤3 at 7 days after admission). The areas under the ROC curves for an excellent outcome were significantly higher for the combined prognostic model than for the NIHSS criteria (0.876 vs 0.825, respectively; P=0.004).
DISCUSSION
Our study is unique in that (a) our patients represented a homogeneous group (those with nonlacunar stroke within the MCA territory) due to our exclusion of patients with lacunar stroke and posterior circulation stroke, and (b) DWI data were analyzed. Most previous studies analyzed stroke of several etiologies and considered different factors (Table 5) . 4, 6, 12, [19] [20] [21] Patients with lacunar stroke are known to have an excellent long-term prognosis regardless of their baseline clinical characteristics, 12 and are therefore not suitable candidates for most acute-or subacute-stroke trials. For patients with posterior circulation stroke, it has been reported that there is no significant correlation between the infarct size as measured by the DWI volume and the NIHSS score. 22 Indeed, we found that the predictive performance of the serial NIHSS scores was worse in 187 patients with posterior circulation stroke (data not shown) than in the patients with MCA territory infarcts reported here.
The accurate prediction of outcome in the acute and subacute phases of stroke would be of value in both epidemiological research and clinical practice. 19 Although there have been numerous investigations of prognostic models to predict long-term stroke outcome, most of these have focused on patients in the hyperacute stage of stroke. The present study has yielded a prognostic model for patients with subacute stroke that may guide patient management in clinical practice or patient enrollment in clinical trials. Our results of prognostic factors in subacute stroke were different from those in acute-stroke trials. The model for acute-stroke trials could not be used in the subacute-stroke trial for several reasons. The results of the present study show that the major prognostic factors at the subacute stage of stroke were ischemic injury (DWI lesion volume), the ability to recover functional level (patient age), or both (NIHSS score at the subacute stage). In an acute-stroke trial, stroke outcome can be greatly influenced by numerous factors, such as recanalization, evolving stroke, reperfusion injury, and collateral circulation. However, the influence of these factors on stroke outcome would be lower in a subacute-stroke trial than in an acute-stroke trial. Our logistic regression analysis of prognostic factors at 7 days after admission in the present study showed that systemic factors of aggravation (e.g., initial hyperglycemia or hyperpyremia) and degree of stenosis were not independent predictors of long-term outcome.
Our results are consistent with those of a previous study in which a significant number of patients with acute ischemic stroke treated with conventional therapy showed early improvement or worsening, as assessed by the NIHSS score. 23 These results indicate that the NIHSS scores at a more optimal time point -relative to baseline -should be used in evaluations for subacutestroke trials.
In the present study, the NIHSS score at 7 days after admission was the best at predicting the 6-month outcome. Patients with severe neurological deficits after acute ischemic stroke, as quantified by the NIHSS, have poor prognoses. We found the discriminatory power in predicting stroke outcome was higher for the NIHSS score taken at 7 days after admission than for the baseline NIHSS score, suggesting that early changes in stroke scores influence outcome predictions. After the 1st week following admission, it is possible to identify a subset of patients who are highly likely to experience a poor outcome. Our later NIHSS score (i.e., that at day 14) did not provide useful additional information in this study. It has been shown that the clinical course of recovery stabilizes beyond day 4, with improvement occurring linearly over time from then on. 24 Cutoff NIHSS scores of 6 and 3 were the best at predicting a poor prognosis and an excellent prognosis at 6 months after stroke, respectively. Our results have important implications for the choice of patients enrolled in subacute-stroke trials. Spontaneous recovery occurs frequently in patients with a good prognosis after stroke. Conversely, patients with very severe stroke may be destined for a poor outcome, regardless of any intervention. 25 The NIHSS score can be used as an exclusion or inclusion criterion for the enrollment of patients in trials testing new treatments for stroke, as follows. For subacute-stroke trials that may be harmful, patient enrollment should be restricted to those with an NIHSS score of ≥6 at 7 days after admission; enrollment in a trial that presents significant risk should require an even higher score. Similarly, patients with an NIHSS score of ≤3 should not be included in stroke trials, even if the treatment modality is not extensive or hazardous. The recruitment of patients with low NIHSS scores into a trial designed to test a promising intervention would likely obscure any treatment effect and thus could increase the likelihood of rejecting a potentially beneficial therapy. In addition to the NIHSS score after stroke, differences in baseline patient characteristics can also influence study group outcomes. In previous studies, several clinical characteristics have been shown to influence the final clinical status: for example, age, 26 stroke severity, 12 and stroke subtype 27 each influence the mortality rate.
Our logistic regression analysis revealed that age, presence of previous stroke, DWI lesion volume, and NIHSS score at 7 days after admission were independent predictors of the long-term outcome. Our results are in agreement with those of other studies performed hyperacute-stroke settings. 21 However, we have also
shown that no factor used in addition to the 7th-day NIHSS score improved the prediction of a poor long-term outcome. For excellent prognosis, the discrimination was marginally better with the prognostic model that included the other factors than with the NIHSS criteria alone. This study has several limitations. Our population was a hospital-based cohort, and unselected patients in different care settings might have prognoses that differ from those suggested in our models. In other words, our results can only be considered valid for patients in Korean acute-stroke units and cannot be automatically extrapolated to stroke registers or other stroke-care institutions. Although the stroke history was analyzed in our study, prestroke disability was not considered. Several studies have shown that prestroke disability affects the level of outcome after stroke, 19, 20 and hence further studies involving patients with first-time strokes are needed.
In summary, our study shows that the NIHSS score at 7 days after admission provides a clinically useful discrimination point for accurate forecasting of longterm outcomes after stroke. We issue a caution that randomization into clinical trials without stratification of stroke severity increases the risk of testing two patient populations with different clinical courses. Our data may be helpful in predicting long-term prognosis as well as in decision-making concerning novel therapeutic applications in the subacute stage after stroke.
